a^JU».
[L] (1, The organic radicals are formed by H-abstraction from the organic substrate by oxygen radicals. The latter arise from O2 or H2O2 on reaction with reducing metal ions, usually V +3 (aq). The reducing metal ion also serves to reduce vitamin Bi2a to vitamin Bi2r and is present in excess relative to the oxidant. By these procedures, even alkanes can be used to produce alkylcobalamins [3] . We now report the formation of 2-hydroxyethylcobalamin from ethylene under O/R conditions.
In typical experiments, 0.5 ml of 5 mM aqueous vitamin Bi2a solution, and a predetermined amount of 10% NaOH solution to bring the final pH to the desired value, are placed in a 38 ml capacity serum vial equipped with a magnetic stirring bar and silicone septum. The bottle is then deaerated with Ar via inlet and exit needles. Subsequently, 0.5 ml of deaerated 0.4 M VC13 in 1 M HCl are added. After 10 min, 70 ml of ethylene gas at 1 atmosphere were injected via syringe, enough to bring the partial pressure of ethylene to ca. 2 atmospheres. Reactions are initiated by the slow drop wise addition of 0.5 ml of 0.15% H2O2 over a period of twenty minutes, or by adding 1.5 ml of O2 at 1 atmosphere. These reactions are stirred as vigorously as possible and must be conducted in dim light or darkness. Thirty minutes after initiation, the bottles are opened and the cobalamins are extracted with a minimum volume of phenol/dichloromethane. (Longer reaction times result in the formation of stable yellow corrins.) The cobalamins are isolated as solids by precipitation with acetone and ether. In some experiments, 0.5 ml of 0.27 M FeS04 were added. Yields of 2-hydroxyethylcobalamin were dependent on the specific reagents used and the pH, and are reported in Table I .
The identity of the organocobalamin produced in these experiments has been established on the basis of the several lines of evidence. Thus, it is readily 
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TLC of the organocobalamin on cellulose, using nBuOH:EtOH:H2O 10:3:7 as the mobile phase, revealed two spots; one corresponded to vitamin Bi2a and the other migrated with the same Rf value as authentic 2-hydroxyethylcobalamin [5]. The organocobalamin is readily purified by elution with 10 mM pH 7 sodium phosphate buffer on a CMcellulose column (20 X 1.5 cm). Its spectrum is identical to that of authentic 2-hydroxyethylcobalamin in both pH 7 phosphate buffer and in 1 N HCl. The rate of acid-induced decomposition of the Co-C bond in 1 N HCl is identical to that of authentic 2-hydroxyethylcobalamin.
In previous synthetic reactions under O/R conditions [1] [2] [3] , organocobalamin formation has been preceded by hydrogen atom abstraction from the saturated organic substrates. The organic radicals formed were then captured by vitamin Bi2T. However, the formation of 2-hydroxyethylcobalamin from ethylene must instead proceed by the addition
of hydroxyl radical to the double bond. This reaction creates 2-hydroxyethyl radical, which then combines with vitamin Bi2r, as shown in eq. (3). An alternative mechanism involves the formation of ethylene oxide from ethylene, catalysed by the vanadium ions present [6] . If vitamin B12S were present, it would react with this ethylene oxide by a nucleophilic displacement reaction to form 2-hydroxyethylcobalamin, as shown in eq. (4).
However, this alternate pathway was eliminated, since substantial yields of organocobalamins are formed in synthesis reactions at pH 6. Under these conditions, V(III) reduces vitamin Bi2a to vitamin Bi2r [1] ; vitamin B12S is not present in detectable amounts. Moreover, no 2-hydroxyethylcobalamin is formed when ethylene oxide is added to vitamin Bi2T/VCl3 at pH 6 under anaerobic conditions. It is also clear that the reaction in eq. (4) does not contribute to product formation in reactions at pH 12. Thus, when synthetic reactions at pH 12 are conducted under 1 atmosphere of N2O, the yields of 2-hydroxyethylcobalamin remain unchanged. Since N20 is known to oxidize vitamin Bi2s instantaneously (but not vitamin Bi2r) [7] , these results confirm that the formation of the Co-C bond does not involve vitamin B12S, and must occur via vitamin Bi2r [8].
The synthesis of 2-hydroxyethylcobalamin from ethylene represents the first synthesis of a substituted alkylcobalamin from an unsubstituted hydrocarbon under O/R synthesis conditions. This work was supported by Grant CHE 79-50003 of the National Science Foundation.
